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tables. In the figures, the incident solar radiation is given in contours of calories per square centimeter/planetary day as a function of planetary latitude and season. Following the convention in The Smithsonian Meteorological Tables, the planet's season is represented by the heliocentric longitude, which is given on the abscissa. A heliocentric longitude of 0 ° corresponds to the Northern Hemisphere vernal equinox, 90 ° corresponds to the Northern Hemisphere summer solstice, 180 ° corresponds to the Northern Hemisphere autumnal equinox, and 270 ° corresponds Zo the Northern Hemisphere winter solstice. The declination of the Sun is represented by a dashed line.
The mean annual daily solar radiation incident at the top of the Martian atmosphere and reaching the Martian surface as a function of latitude for various turbidity conditions is given in Table II . The mean annual daily solar radiation incident at the tops of the atmospheres of Jupiter, Saturn, Uranus, and Neptune as a function of latitude is given in Table III . Since the mean annual daily solar radiation values given in Tables II and III are symmetric with respect to the planet's equator, a value at a given latitude applies to either hemisphere.
CALCULATION OF SOLAR RADIATION INCIDENT ON A PLANETARY ATMOSPHERE AND SURFACE
The amount of solar radiation incident at the top of a planetary atmosphere, I0 (eal em -2 min -1) can be expressed as
Io = ~So/(r/a~) 2] cos z,
where So is the solar constant at the mean Sun-Earth distance of 1 AU, taken to be 1.94 cal cm -2 min-', z is the zenith angle of the incident solar radiation, r is the instantaneous Sun-planet distance, and a~ is the semimajor axis of the Earth's orbit (1 AU). The instantaneous posit, ion of the planet in its orbit can be expressed as the angular distance, 0 from perihelion, and is related to the orbital elements by r ---a(1 --e2)/(1 q-e cos ~),
where a and e are the planet's semirnajor axis and eccentricity, respectively. The position of perihelion is given by Melbourne et al. (1968) . The zenith angle of the incident solar radiation, z, can be expressed as cos z = sin ¢ sin ~ -k cos ¢ cos 5 cos h, (3) where ~ is the planetary latitude, 5 is the so!ar declination, and ]~ is the local hour angle of the Sun.
For a rapidly rotating planet, (1) can be integrated to yield the amount of solar radiation incident at the top of a planetary atmosphere over the planet's day, 7o [-cal cm -2 (planetary day)-i], and is given by
~here P is the planet's rotation period in minutes, and h0 is the local hour angle at sunset which can be determined from (3). The solar declination is given by
where • is the obliquity, the inclination of equator to orbit (the angle between the orbital and rotational planes), and ~ is the planetary longitude measured from the intersection of these planes. ~ is the complement of the angle corresponding to the latitude of the Noah Pole of the planet relative to the planet's orbit and is found from standard spherical trigonometric relationships and the right ascension and declination of the planetary pole and orbital data given by Melbourne et al. (1968) . determines the locations of the solstices and equinoxes on the planetary orbit. Planetary data are given in Table I . To calculate the solar radiation incident on a planetary surface over the planet's day i~ [-cal cm -2 (planetary day)-'] as a 
DISCUSSION OF CALCULATIONS

Mars
As a result of the gravitational perturbations of the Sun and the other planets, the orbital eccentricity and obliquity of Mars have experienced substantial cyclical variations over its history. These changes in eccentricity and obliquity have caused corresponding variations in the intensity and planetary-wide distribution <)f solar radiation incident on Mars. Over its history, the orbital eccentricity of Mars has varied from 0.004 to 0.141 and its obliquity has varied from 14.9 to 35.5 ° (Murray el al., 1973; Ward, 1974) . For the calculations presented in this paper we have adopted the present values of eccentricity and obliquity of 0.093 and 24.94 ° , respectively. Figure 1 shows the distribution of solar radiation incident at, the top of the atmosphere of Mars. The maximum radiation occurs ow, r the southern and northern poles. By comparison, the Earth receiw=,s 1100 and 1000 cal cm 2 day-' at the poles at the southern and northern summer solstices, respectively. Maxima in the incident molar radiation over the poles during the solstices occur because of the continuous daylight which overcompensates for the htrge solar zenith angle. Such a situation occurs whenever the obliquity, e ~ 1,S °, which is true not only for Mars and the Earth, but also for Saturn, Uranus, and Neptune (see Table I ). Figure 2 shows the distribution of solar radiati<m at, the surfac.e of Mars for eh'ar sky conditions (r = 0.1). In general, this distribution folhms the distributi<m at the ~(q) of the atmosphere, except for magnitude, which is decreased somewhat because (ff clear sky absorption and scatterint. A significant hemispheric seasonal asynunetry exists in that there is considerably more insolation over the southern polar regions 1hart Hie n<)rChern polar regions during local summer solstice. Since lhe southern winter season occurs at aphelion, it is colder and of longer duration than the norlhern winter season. This results in 
m o r e extensive s o u t h e r n p o l a r cap. T h e r a p i d near-comp',ete m e l t i n g of t h e s o u t hern p o l a r cap results from t h e h o t t e r s o u t h e r n s u m m e r .
T h e n o r t h e r n p o l a r cap r e m n a n t is a p e r m a n e n t surface f e a t u r e r e s u l t i n g from the cooler s u m m e r in t h e N o r t h e r n H e m i s p h e r e .
T h e effects of v a r i o u s c o n c e n t r a t i o n s of a t m o s p h e r i c d u s t on t h e i n s o l a t i o n dist r i b u t i o n are shown in Figs. 3 a n d 4. F i g u r e 3 shows t h e d i s t r i b u t i o n at t h e M a r t i a n surface for r = 0.35. T h e p o i n t of m a x imum insolation has moved equatorward, since the larger zenith angle and thus the larger optical depth exerts a stronger effect than the longer daylight hours. Figure 4 shows the surface insolation at the height of the great Martian dust storm corresponding to an optical depth, r = 2 (Masursky et al., 1972) . The insolation distribution closely parallels the seasonal march of the Sun, with maximum insolation in the tropics and only small amounts of solar radiation reaching the polar regions. Table II. It. is interesting to note that the great M a r t i a n dust, s t o r m of 1971 b e g a n at. a b o u t small amounts of wind-blown dust in the Martian atmosphere. According to the Mars dust storm models of Gierasch and Goody (1973), Leovy et al., (1973 ), Golitsyn (1973 ), and Hess (1973 , this process may have triggered the planet-wide dust storm that followed. Wind-blown dust in the Martian atmosphere can absorb significant amounts of solar radiation, which in turn can alter the temperature, thermal structure, and dynamics of the Martian lower atmosphere. Gierasch and Goody (1972) concluded that a high-temperature, near-isothermal atmosphere could result, from the dust conditions during the 1971 dust storm. Their calculations indicate that the solar radiation absorbed by wind-blown dust was enough to increase the lower atmosphere temperature by 25°K day-L The Mariner 9 infrared spectrometer experiment (Hand et al., 1972 ) and the radio occultation experiment (Kliore et al., 1972) show that the temperature of the atmosphere was raised about 50°K during the storm, and that the temperature profiles became almost isothermal.
the l a t i t u d e a n d a b o u t the time of y e a r of m a x i m u m solar insolation (see Figs. 2 to 4). In reviewing the g r e a t M a r t i a n d u s t s t o r m of 1971, as well as p r e v i o u s p l a n e twide d u s t storms, Gieraseh (1974) p o i n t s ,rot t h a t indeed certain g e o g r a p h i c a l regions are f a v o r e d for t h e d e v e l o p m e n t of these storms. T h e s t o r m s u s u a l l y develop bel w e e n 20 a n d 40°S l a t i t u d e n e a r or slightly before t h e S o u t h e r n H e m i s p h e r e s u m m e r solstice. Large a m o u n t s of solar r a d i a t i o n could h a v e been a b s o r b e d b y r e l a t i v e l y
Jupiter
The distribution of radiation incident on the Jovian atmosphere is shown in Fig. 5 and, because of the small obliquity, is nearly symmetric with respect to the equator. At the equator the incident solar radiation varies between 12 and 15 cal cm -~ (Jovian day) -1 over the year. Perihelion occurs near the Northern Hemi- 
Ura~us
The very large obliquity of Uranus (98) results in a bizarre distribution of solar radiation (Fig. 7) . The position of the hemispheres is reversed with the Northern Hemisphere "below" the ecliptic and the Southern Hemisphere " a b o v e " the ecliptic. M a x i m u m solar radiation is incident at the poles around the s u m m e r soistices, with values of about 3 cal cm -2 (Uranus day)-~; this situation will occur around 1985. For nearly half the Uranus year (approximately 42 E a r t h years), some parts of the planet are in perpetual darkness. Whether the small insolation received by the planet is important to the dynamics has yet to be determined, but if so, one would expect a circulation much different from the circulations of other rapidly rotating planets in the solar system. T e m p e r a t u r e differences and the resulting condensation products between the light and dark sides as well LLI  O   90  80  70  60  50  40  30  2O  I0  0  I0  20  30  40  50  6O  7O  8O  9O  0  9 0  180  270 as photochemical reacti(ms e()uld ("rose changes in atmospheric compositi()n.
Neplu~ e
For completeness, the solar radiation incident on Neptune is given in Fig. ,~. The maximum solar radiati()n falls on the polar regions. Since perihelion occurs close to "~he vernal equinox, there is no seasonal asymmetry in the distribution ()f incident solar flUX.
The mean annual daily solar radiati(m incident at the tops of the atm()spher('s of Jupiter, Saturn, Uranus, and Neptune as a function of latitude is summarized in Ta|)le III.
The latitudinal gradi(,nt and the seas()nal variation of incoming solar radiation constitute a driving force in deternfining the circulation and dynanfics (ff the Earth's atmosphere.
The latitudin-fl variation of the mean annual daily solar radiatiou received at the Earth's surface is important~ in determining clinmte and weather patterns, Wc believe the calculations presented in this paper should help in studies of the radiation and energy budget,, circulation, dynamics, climatology, and weather .f Mars and the outer plane~s.
